Bone morphogenetic protein 4 and its receptors are expressed in the leptomeninges and meningiomas and signal via the Smad pathway.
The roles of bone morphogenetic proteins (BMPs) and their receptors (BMPRs) in meningioma biology are not known. In this study, frozen tissues from 26 World Health Organization Grades I to III meningiomas were analyzed by Western blot for BMP-2/4, BMPR IA, and BMPR II, and activation of downstream p-Smad1, p38 mitogen-activated protein kinase (MAPK), and p44/42 MAPK signaling molecules. Sections from 20 normal leptomeninges, 2 arachnoid cysts, and 51 meningiomas were analyzed for BMP-4 and p44/42 MAPK by immunohistochemistry. Primary meningioma cultures from 11 meningiomas were treated with BMP-4 and evaluated for cell proliferation and signaling pathway activation. Conditioned media from 7 cultures were analyzed for BMP-4 by ELISA. Bone morphogenetic protein 4 was variably detected in adult leptomeninges but was detected in 89% or 84% of Grade I meningiomas and in 60% of Grade II meningiomas by Western blot and immunohistochemistry, respectively. Bone morphogenetic protein receptors IA and II were detected in leptomeninges and in all meningiomas studied, and activated Smad1 was detected in all meningiomas studied. Bone morphogenetic protein 4 stimulated meningioma cell proliferation and phosphorylation/activation of Smad1 but not p38 MAPK or p44/42 MAPK in vitro, and it was detected in conditioned media from 4 of 7 cultures. These findings suggest that BMP-4 and BMPRs may play autocrine/paracrine roles and interact with other transforming growth factor-beta superfamily members in regulating meningioma growth and differentiation.